Introduction
The presence of carotid plaque and the carotid intima-media thickness (C-IMT) are known markers of subclinical or early atherosclerosis and are associated with an increased risk of cardiovascular disease in large epidemiological studies [1] [2] [3] . Associations between the progression of carotid plaque or C-IMT over time and cardiovascular events have also been reported 4, 5) . Therefore, the detection of factors involved in the new onset or progression of early atherosclerosis, including carotid plaque and C-IMT, is an important step in preventing future cardiovascular events in the general population. No prospective studies have previously been conducted on predictors of early carotid atherosclerosis in elderly participants without existing carotid plaques or increased C-IMT values.
The presence of carotid plaque is correlated closely with the C-IMT, and the C-IMT has been determined to be a predictor of the occurrence of carotid plaque 6, 7) . Although the presence of carotid prehensive self-report questionnaire and underwent a physical examination, blood sampling and carotid ultrasonography. A follow-up assessment (the secondwave study) was performed from April 2006 to January 2008 and consisted of uniform and structured evaluations conducted by examiners who were blinded to previously collected data 19) . A total of 841 participants were randomly allocated from the first-wave study. The second-wave data collection was essentially the same as that used for the first-wave study, except for blood sampling. Patients who underwent all baseline and follow-up carotid ultrasonography examinations were included in this study. Participants with carotid plaque detected on baseline ultrasonography were excluded. Additionally, participants with a carotid intima-media thickness (C-IMT) of ≥ 1.0 mm on baseline ultrasonography were excluded because differentiating early plaque formation from an increased C-IMT is difficult and several longitudinal studies have shown that an increased CIMT, especially that of ≥ 1.0 mm, is an independent marker associated with plaque formation 6, 7) . All participants provided their written informed consent, and all study protocols were approved by the Institutional Review Board of the AGE study.
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Clinical Measurements
The baseline characteristics of the subjects were determined as previously reported 17) . The disease history as well as medications and other lifestyle factors, including the smoking status, alcohol intake and exercise frequency, were questioned and assessed. The participants were classified according to their smoking and drinking status as non-smokers, ex-smokers (quit smoking over five years ago) or current smokers and as non-drinkers, ex-drinkers or current drinkers, respectively. The waist and hip circumference and blood pressure were measured 17) .
Laboratory Measurements
All baseline blood samples were drawn in the fasting state, except for the 2-hour glucose sample collected after a 75-gram oral loading of glucose. The laboratory examination included an assessment of the complete blood cell count and levels of fasting serum glucose, 2-hour serum glucose after oral loading dose, C-reactive protein, total cholesterol, triglyceride (TG), high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, fibrinogen, vitamin (Vit) B12, plasma homocysteine and serum folate. The samples were collected and delivered to the Seoul Clinical Laboratories (Seoul, Korea) for the blood assays, which were performed using commercially plaque and the C-IMT share the same atherosclerotic risk factors 8) , these parameters reflect different biological and pathobiological aspects of the atherosclerotic process 9) . The thickening of the intimal and medial layers of the common carotid artery (CCA) attributed to aging process bas been observed without overt atherosclerosis 9) . Thickening of the intima-media layers represents a hypertrophic adaptive response of smooth muscle cells in the tunica media to high shear stress and primarily occurs in the distal CCA 10) . On the other hand, plaque originating from pathological intimal thickening is rare in the distal CCA and usually occurs at sites of low shear stress and a non-laminar turbulent flow, such as the carotid bulb and proximal internal carotid artery 10) . Therefore, studies are needed to separately investigate the new onset of carotid plaque and increases in the C-IMT.
The presence of metabolic syndrome (MetS) increases cardiovascular morbidity and mortality in the general population 11, 12) . MetS is also associated with early carotid atherosclerosis 13, 14) . Several prospective studies have shown that MetS is associated with the progression of atherosclerosis 15, 16) . These studies highlight the importance of MetS in the atherosclerotic process. However, no studies have examined whether the incidence MetS can be used to predict the new onset of early carotid atherosclerosis, particularly in the elderly population without early carotid atherosclerosis.
Aim
We explored whether metabolic syndrome can be used to predict the presence of newly developed carotid plaque or the increment of C-IMT. Additionally, the present study attempted to determine factors associated with early carotid atherosclerosis and increases in C-IMT.
Methods

Participants
This study was based on a cohort of the Ansan Geriatric Study (AGE Study), which is an ongoing prospective population-based cohort study with participants who are at least 60 years of age and live in Ansan, a suburb of Seoul, in the Republic of Korea 17) . The details of the study design and sampling protocol have been previously described 17, 18) . The first-wave study was performed to establish a baseline investigation database, and 1,391 participants were randomly recruited from this database between September 2004 and March 2006. The participants completed a com-sonographic data, using the same protocol. The intraobserver reproducibility of the mean IMT was measured as follows: initial (0.88, right side; and 0.80, left side) and follow-up (0.74, right side; and 0.89, left side). The interobserver reproducibility of the presence of plaque on initial and follow-up ultrasonography was calculated as 0.69 and 0.74, respectively (all p＜0.001).
Statistical Analysis
In the univariate analyses to compare the two groups, Pearson's χ 2 test or Fisher's exact test was used for categorical variables, while Student's t -test or the Mann-Whitney U-test was used for continuous variables. Stepwise multiple logistic regression analysis using backward selection was performed to identify independent variables for carotid plaque progression, with adjustments for variables with a p value of ＜0.05 based on the univariate analysis. Because gender differences in MetS have been previously demonstrated 22) , the present study investigated the potential interaction between gender and MetS in a multiple logistic regression analysis. A multiple linear regression model was performed by selecting variables based on the results of the univariate analyses (p＜0.2) to determine factors that affect the rate of change of the C-IMT. All statistical analyses were performed using the SPSS version 12.0 software program for Windows (SPSS Inc., Chicago, IL, USA).
Results
Of the 841 participants who completed the second survey, 128 were excluded (102 new enrollees without first-wave examination data and 26 patients without initial or follow-up carotid ultrasonography data) (Fig. 1) . The only differences in the baseline characteristics between the 128 excluded and 713 included participants were that the included group was younger (p = 0.027) and more likely to have heart disease (p = 0.032). After excluding the patients with early carotid atherosclerosis (carotid plaque = 362; increased C-IMT = 2; and carotid plaque and increased C-IMT = 21), 370 participants [34.1% men, median age = 66 years, interquartile range (IQR) = 64~71 years old] were ultimately enrolled. On average, the followup examinations were performed after 2.15±0.41 years.
Carotid Plaque Occurrence
Newly developed plaque was found in 64 participants (17.3%) ( Table 1) . One participant had plaque at three locations, 10 had plaque at two locations and available kits 17) .
Definition of Risk Factors
Heart disease included coronary artery disease, valvular heart disease, arrhythmia and heart failure. MetS was diagnosed according to the Asian criteria issued by the American Heart Association/National Heart, Lung and Blood Institute (AHA/NHLBI) 20) . According to this definition, MetS is present when three or more of the following five criteria are fulfilled: elevated waist circumference ( ≥ 90 cm in men and ≥ 80 cm in women), elevated triglyceride ( ≥ 150 mg/ dL or the use of lipid-lowering medications), reduced HDL-cholesterol (＜40 mg/dL for men and ＜50 mg/ dL for women or the use of lipid-lowering medications), elevated blood pressure (an elevated systolic blood pressure of ≥ 130 mmHg or diastolic blood pressure of ≥ 85 mmHg or the use of antihypertensive medications in patients with a history of hypertension) or elevated fasting glucose (＞100 mg/dL and/or the use of medications for elevated glucose).
Carotid Ultrasonography Measurements
The carotid plaque and C-IMT measurements were obtained according to a predetermined standardized scanning protocol using high-resolution B-mode ultrasonography with a 7.5-MHz linear-type probe (GM-2600A, Panavista, Matsushita Co., Japan) 18) . Plaque was defined as the presence of focal wall thickening of at least 50% greater than the surrounding vessel wall or, alternatively, a focal region with an intima-media thickness of ≥ 1.5 mm that protrudes into the lumen, according to the Manheim criteria 21) . The number of plaques was counted bilaterally in four regions: the CCA, carotid bulb, internal carotid artery (ICA) and external carotid artery (ECA). The presence of plaque was determined by the consensus of two investigators (J.-M.J and M.H.P.) who were blinded to the demographic findings. The assessment of the C-IMT 18) was as follows. First, the IMT was defined as the distance between the luminal-intimal interface and medial-adventitial interface in the far wall of the common carotid artery (CCA) along the plaque-free segment approximately 1 cm proximal to the carotid bulb and was measured with the use of an electronic caliper on the frozen frame of a suitable longitudinal image. Second, six to eight measurements of the farwall IMT were obtained manually using ultrasound calipers. Finally, the C-IMT was calculated by averaging the bilateral mean IMTs. An increased C-IMT was defined as a value of ≥ 1 mm. All initial and follow-up examinations were performed by the same operators, who were experienced and blinded to the clinical and
Predictors of New Carotid Plaque Occurrence
TG, systolic and diastolic BP, MetS, total cholesterol, Vit B12 and white blood cell count were selected as independent variables in a logistic regression model to predict the occurrence of new carotid plaque. TG and systolic and diastolic BP were included as components of MetS due to the absence of multicollinearity (all variance influence factors ＜10). There were no significant interaction effects between male sex and MetS (p = 0.066). The multivariable analyses demonstrated that MetS, Vit B12, WBC count and total cholesterol were independently associated with the development of carotid plaque (Table 2, model 1). In model 2, which considered the components of MetS, systolic BP, Vit B12, WBC and TG independently predicted the incidence of MetS.
C-IMT Changes and Predictive Factors
An increased C-IMT (＞1.0 mm) was observed on follow-up ultrasonography in only three participants. The baseline and follow-up median (IQR) val-53 had plaque at one location. The carotid bulb was the most common site of carotid plaque occurrence (63.2%), followed by the ICA (17.1%), CCA (14.4%) and ECA (5.3%). The patients with carotid plaque had higher systolic and diastolic BP values than those without. In addition, the incidence of MetS, white blood cell (WBC) count and increased serum levels of total cholesterol, TG and vitamin B12 were significantly associated with the occurrence of plaque. The levels of homocysteine were higher in the plaque group than in the non-plaque group with non-statistical significance, although this parameter was inversely correlated with the levels of folate and Vit B12. Additionally, Vit B12 was supplemented in eight subjects (plaque group 1.6% vs. non-plaque group 2.3%, p= 1.0). Furthermore, the occurrence of carotid plaque in relation to the participant characteristics did not change significantly between the first and second surveys ( Table 1) . 16, 27) . These findings suggest that MetS plays an important role in the initiation or acceleration of the early carotid atherosclerotic process.
MetS is a cluster of interrelated risk factors of metabolic origin that directly promote the development of atherosclerotic cardiovascular disease and type 2 diabetes mellitus 28) and is considered to be a risk factor for these diseases. However, several criteria are currently used to define MetS in the clinical and research fields. Among them, this study selected the AHA/NHLBI criteria, which are based on the National Cholesterol Education Program Adult Treatment Panel (NCEP-ATP) Ⅲ criteria, with minor modifications, including different abdominal obesity criteria in accordance with race; we adopted the AsiaPacific abdominal obesity criterion (waist circumference ＞90 cm in men and ＞80 cm in women).
That fact that MetS was the only common factor for the new onset of carotid plaque and progression of C-IMT in this study may reflect the separate biological aspects of MetS with respect to carotid plaque and C-IMT. The total cholesterol levels and WBC counts were associated with carotid plaque formation, but not changes in C-IMT. Elevated blood lipid levels, including those of LDL, non-HDL and total cholesterol/HDL, are independently associated with newly developed carotid plaque after five years in middleaged and elderly Chinese populations 29) . Additionally, elevated TG levels appear to be a significant, independent predictor of newly identified carotid plaque 30) . Total cholesterol is a strong predictor of the total ues of C-IMT were 0.62 (0.56 to 0.70) mm and 0.65 (0.59 to 0.73) mm, respectively. The rate of change of the C-IMT was 0.012 (0.006 to 0.024) mm/yr. Sex, CRP and MetS were selected as independent variables in a linear regression analysis. Only MetS was found to be associated with the rate of change of the C-IMT with a non-significant trend ( Table 3) .
Association between Carotid Plaque and the Rate of Change of the C-IMT
The baseline and follow-up C-IMT values increased more significantly in the carotid plaque group than in the control group The participants with plaque had a remarkably increased C-IMT rate of change, especially men and those less than 65 years of age or with MetS (Fig. 2) .
Discussion
This study demonstrates that MetS is associated with early carotid atherosclerosis in the general population without evidence of existing early carotid atherosclerosis. In other words, MetS predicted the occurrence of new carotid plaque and may be correlated with changes in IMT over time. These results are consistent with the findings of several longitudinal 15, 16, 23, 24) and cross-sectional studies 14, 25, 26) that addressed the relationships between MetS, carotid plaque and C-IMT. In the present study, the presence of carotid plaque was associated with accelerated C-IMT changes (Cont Table 1 stress and proinflammatory signaling in the vessel wall 38) . Therefore, various factors, such as lipoproteins, inflammatory markers and the rheological force of the blood flow, are involved in the formation of carotid plaque compared with the carotid IMT, especially in the early stages of atherosclerosis.
An elevated level of total plasma homocysteine is known to be a risk factor for atherosclerosis, and plasma Vit B12 and folate influence the metabolism of homocysteine as a cofactor and cosubstrate, respectively 39) . In our study, however, we found no significant relationships between an elevated homocysteine level and early carotid atherosclerosis. We also found that an elevated Vit B12 level is associated with the occurrence of carotid plaque. However, other studies have shown that a low level of Vit B12 is related to an elevated level of homocysteine as a risk factor for atherosclerosis 40, 41) and is independently associated with peripheral artery disease 42) . These findings may reflect differences in the mean level of Vit B12, which was higher in our population than in other studies. Another reasons for them could entail ethnic backgrounds, dietary intake, inclusion/exclusion criteria, the combined effects of gene polymorphisms and carotid plaque area 31) . However, due to limited data, additional research is needed to investigate the associations between lipoproteins and the occurrence of carotid plaque atherosclerosis.
Previous studies have found that the leukocyte count, a universally acceptable marker of chronic lowgrade inflammation, is related to carotid plaque formation 32, 33) . An increased level of CRP also reflects low-grade inflammation and is associated with carotid atherosclerosis, although there is a gender difference 34, 35) . In contrast, our study showed that the CRP level is not associated with the development of carotid plaque or progression of the C-IMT. This finding may be attributed to the relatively low levels of CRP observed in this study compared to other studies 34, 35) , likely reflecting a minimal contribution to plaque formation. However, risk factors for the progression of C-IMT are inconsistent and differ according to sex, depending on the study participants 36, 37) . In addition, atherosclerosis is typically developed predominantly at specific sites, such as bifurcation, curvature and branch. In the present study, newly developed carotid plaque was primarily located in the bulb associated with an altered blood flow, which resulted in low shear 42) . This study is associated with several limitations. First, there is no standardized method for measuring the C-IMT 35) , and the C-IMT methodology used in the present study could not be standardized or generalized 43) . However, baseline and follow-up sonographic tests were performed in all participants by an skillfull sonographer using the same ultrasound device and scanning methods for each participant 18) . Second, this study had a relatively short follow-up period for detecting plaque compared with other studies, with follow-up periods ranging from 5 to 12 years. However, the clinical characteristics of the participants at baseline and follow-up were similar, indicating that the confounding effects of medications and lifestyle factors were relatively minimal in the present study. Third, the sample size in this study was smaller than that observed in other cohort studies, which likely affected the confidence intervals of the hazard ratios, which were wide, and the p values of C-IMT, which were only marginally significant. Therefore, the data and results should be interpreted with caution.
Conclusion
MetS is associated with the new onset of carotid plaque as well as the increment of C-IMT, suggesting that the disorder initiates the development of early carotid atherosclerosis. Further research is needed to evaluate the association between the prevention and treatment of MetS and carotid atherosclerosis. 
